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EMPLOYITG A WIERT SWEPT BACK 63O.- INVESTIGATIOPI  

OFAUX&XAZEMOIELATLOWSFEED 

By Gerald M. McCormack and Walter C. Walling 

An investigation  ha^ been made t o  de t edne  .the low-apeed 
characteristics at high Regnolda numbere of a 63O swept-back wing. 
Aerodynamic characteristics are  presented f o r  the w i n g  alone and 
f o r  the winHueelage cambination. . 

The wing exhibited longitudfnal instabil i ty at a lift cgeffi- 
cient of about 0.5. The maximum effective dihedral was about 18', 
and the wing had neutral directional  stabil i ty up t o  a lift coeffi- 
cient of about 0.6. The Rzselage had negligible  effect on llft and 
pitching mamsnts; it did, however, decrease the dihedral effect and 
contributed a destabilizing increment of about -0.0012 t o  the 
directional  stabilfty of the wing .  

The rehticmEhip8 between the force and mament charactsristice 
and flow conditions  existing over t h e  wing are dLECUf3ed In the 
report. 

The theory developed in reference 1 indicakss that aircraft 
employing wFnge of high Bweepback and high  aspect r a t i o  should be 
capable of efficient flight (L/D 10) at moderate supersonic Mach 
numbers. To provide  information necessary f o r  the desi- of such 
89 airplane, a possfble configuration f o r  a traneport-typ a m l a n e  
suitable for f Ught at epee& up t o  1.5 Mach number is undergoing 
study in the reeearch facflfties of the Amss Aeronautical M o r a t o r g .  
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The deslgn incorporates a w i n g  with the leadfng edge m p t  back 63*, 
an aspect ratio of 3.5, and a taper ratio of 0.25, with a fuselage 
Of finem88 rEttf0 s a ? .  

The aerodynamic characterlstice of thie Canfiguration &re being 
examined over a large range of Mah nunbers and Reynolds d e r s .  
This report preaente the aerodynamic characteristics at lmr a p e d  
end high Reynolds m b e r  &a detelPlFnsd in the Ames b by &foot 
wind tunnel. 
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side-f orce coefficient 

rate of chenge of l i f t  coefficient w i t h  angle of attack, 
per degree 

rate of change of rolling-monusnt coefficient with angle of 
sideslip, per degree 

rate of change of yawing-nt coefficient w i t h  angle of 
sideslip, per degree 

asrodpamic center location, measured i n  percent of the mean 
aerodynamic chord frcm the leading edge 

angle of attack, degreee 

angle of sideslip, degree8 

man aerodynamic chord 

spanwiae cmdina te ,  fee t  

aspect ratio (3 
asgle of meep of the w i n g  leading edge, degree8 
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re effective dlhedral, degrees 

The geometric charaoteristice and over-all dimneians of the 
m o d e l  are shuwn in  f igure 2. The wing has 63’ sweepback of the 
leading edge, &z1 aspect  ratio of 3.5, a taper ratio of‘ 0.25, and 

plane of E~RW~L-Y.  The fuselage has a finenee13 ra t io  of l2.5 and 
a c 3 r c - d ~ ~  crose eectlan. The wing wae mounted on the fuselage 
center line w i t h  zero incidence. Baeed an a w i n g  loading of 50 
pounds per square foot and a &sign weight of 40,000 pounds, the 
model tested in the 4CL by &-.foot w i n d  tunnel I s  about half e o d e .  
Photographa of the w i n g  and the wing-fueelage canbinatian mounted 
in the w i n d  tunnel are sham in figures 3 and 4. 

IIO twist. TM a i r f o i l  is & ~ 1  m c ~  64~006 mction ”1 t o  the 

The win@; was tested alone and in catbination with the fueelebge. 
Sixrccanponent fmce and m-nt data were obtained tbr- an me- 
o f d t t a c k  range a t  ecch of eeveral angles of aides l ip .  The d a t a  
were obtained at a dyrmxtc preseure of 25 pounds per square foot 
(a Reynolde number of‘ 8 x 10’ based upon the mean aerodynamic chord 
of 8.64 f t )  , 

The win&tunnel d a t a  haye been corrected far air-atream inclim+ 
tion and f o r  tunnel-.walJ effects. A brief analyeis indicated that 
the tunnel-wall carrectians were approximately the sarm far w e p t  
and swept w i n g s  of the relatively small size under cansideratfon. 
Therefore, the etandard correctiom for an uIlElwept w i n g  of the earn 
&rea and span were applied as  f ollms : 
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1 .  
a.c. location, percent if 

% 

0.042 0.047 

38 38 

1.26 1.32 

czBroax 

1 Theae are  average d u e 8  in the law-lift range (i.e., between 
CI, = o m a  % = 0.2). 

%ese are averag:, +alum obtained between C, = 0 and = 0.6. 
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Experimentally obtained characteristics of the wing are  ccmrpared 
with characteristics predictied  by the method of Weissinger (reference 
2) in figure 8 and in the following  tabulation: 

Experimental1 5 o r e t i c a l  

CLa,, per 0.042 0.041 

a.c . location,  percent C 38 39 

Good agreemant is obtained in the low-lift  range. Above a lift 
coefficient of about 0.2, hmver ,  the cha,racterietice deviate 
markedly from the initial trends in a manner wbich is typfcal of 
highly swept wlnga having a mlatfvely high  aspect r a t i o .  Ubsem- 
t i m e  of tuft8 indicated that these deviations were attributable t o  
flow separation which occurred first near the t i p s  and then spread 
inward. 

An accuraze p r e d h t i m  of the occurrence of separaticm over a 
8wept"back wing is extremely di f f icu l t  due t o  three-dimensional flow, 
Reynolds number, etc. Hence, any method that will give a reasonable 
indication of the o c c m n c e  of sepazatiun i e  of considerable  mlue. 
In reference 3, it waa reasoned that separation over an oblique wing 
could be predicted  to OCCUT when the lift coefficient,  based on the 
component of velocity normaL t o  the leadlng edge, exceeded the two- 
dFmensional maximum lift cmff  icient of the airfoil sectlan (i.e., 

l i f t  coefficient of abmt  1.3 (airfoil  eectim  perpendicular t o  the 
leading edge about ll percent  thick), the wing might be eqmcted t o  
exhibit separation at  CL = 0.26. %is value agrees reasonably w e l l  
with the experimentel results, uhich ahowed that separation occurred 
at a lift coefficient of about 0.2. 

CLsep = cz- cae2A). Based on ea estimebted two-itimeneional maximum 

The nonlinear deviations wkrich f o l l m d  the o c c w m e  of 
separation a t  0.2 Iff t ooefficient result frm the peculiar stalling 
characteristics of m p t  w i n g e  ( d e e o r ~ e d  in detail in reference 4). 
If the analysis of reference 4 i e  w e d  t o  interpret the character- 
i s t i c s  of the present w i n g ,  it would appear that turbulent 



separation occurs a t  a lfft coefficient of about 0.2. 5 drag 
begins t o  r i s e  rapidly w h i l e  the  pitching moglllsnts beccune nore negatfve 
due t o  the  rearward shift  of center of preaeure of the  sectiona 
suffering separation. As a result the aerodynamic center shifts 
rearward to about 52 percent 6. 

Again,  following the analysis af reference 4, before turbulent 
separation can  spread to an  appreciable extent, lead-dge separation 
spreads suddenly along the leading edge of the Xing. TQ t h i s  case, 
the  effect af lea” separation becanes appreciable a t  a lift 
coefficient of about 0.5. As lea” eeparatim OCCUTB a t  a 
section, the euction peak is lost and, caneequently, l i f t  is los t .  
Sfnce leadin”  separation s t a r t e  a t  the t i p  and travels inward 
and, hence, forward wlth increase in angle of attack, the center of 
load moves forward, and thus came8 lmgitudinal instability. (The 
aerodynamic center m ~ e 8  forward to a poeition about 25 percent 6 
ahead of the leading edge of the mean aerodynamic chord.) Thie is 
acccrmpanfed by a decrease of the  lift-curue Slope and a cantimzation 
of the  rapid drag rise. As ehown bg f.igure 8, above a lift coefficient 
of 0.55 the drag variation approaches that of a flat plate.  

The lateral characterist ics  reflect  the behavior  evidenced in 
the lift, drag,  and pitching-maanent characteristics. In figure 7, 
it is seen  that, in the low-lift range, CzB varies approxkately 

l inearly w i t h  lift coefficient, and + doe8 not change appreciably 
with lSft coefficient. The trends s e t  up in the meparated flow 
regime are on ly  slightly affected by the first appearance of 
separation.  Coincident w i t h  the reversal of the pitsh-canent 
cur-ve, the CzS curve  reveraes  direction and falls dff rapidly, 
and the C curve  breaks in the  positive  direction. ”s 

An inyesttgation has been made of the low-epeed aerodpmmic 
characteristics of a large-scale 63’ mept+aok w i n g  and wing- 
fuselage combination. 

Ih the low-lift range, characterietics  predicted by the method 
of Weissinger  agree very w e l l  w-ith the experimentalJy obtained 
charackrist ice.  H m m r ,  a t  8 lift coefficient of about 0.2, 
separation occurred over the wing. Above this lift coefficient, 
the drag increased a t  a rapid  rate and the w i n g  became first very 
stable 1ongitudfaaU.y and then extremely unetable. Longitudinal 
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inetabil i ty occurred at a lift cwff   ic ient  of about 0.5. 

I h e  maxirmrm effective dihedral of the wing wa8 approxbately 
18' at a lift ooeff ic ient  of about 0.6. The w i n g  exhibited  neutral 
d i r e o t i &  atabi l i ty  up t o  ai8 lift coefficient. 

!lb fuselage had negligible  effect on l i f e  and pitching mamente; 
it did, however, decreaae the dihedral effeot about 3' and contributed 
a destabilizing increment of about -0.0012 t o  the d i r e o t i m a l  
s tab i l i ty  of the w i n g .  

Ams8 Aeronautical  Laboratory, 
Rational Advisory Cannnittee for Aerone~utics, 

Moffett  Field, Calif. 
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Fiwre Z.-Gemetr/c churocteristics of 63" swept-bock wing plus fuseloge. 
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Figure 3.- Photogram of 63O ewephback wing mounted In AIWS 
40- by &foot and tunnel. 
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Figure 4.- Photograph of 6 3 O  ewepbback wiqpfueelage combfnation 
mounted in Ames h.& by &foot wind tunnel. 
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figure 8.- Comporison bet ween experimenfal and fheorefr'cal longitudinal 
chzrrocterisfics of 63' swepf-buck wing. 




